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Field of the Invention 

The present invention relates to a delay locked loop 
(DLL) circuit used for a synchronous memory device; and, more 
particularly, to a DLL circuit capable having a different 
jitter characteristic each for operation frequencies by 
partially modifying a resolution value of a unit delay and a 
method for locking a clock delay thereof. 

Description of Related Arts 

Generally, a clock signal is used as a reference signal 
for adjusting operation timing in a system or a circuit, and 
furthermore, used for securing a rapid operation of the system 
or the circuit without any error. When the clock signal 
inputted from an external circuit is used in an internal 
circuit, a time delay, i.e., a clock skew is generated by the 
internal circuit. To compensate the time delay and have an 
identical phase with that of an external clock signal, a delay 
locked loop (DLL) circuit is used. Namely, the DLL circuit is 
to match the data output timing through the output driver with 



that of the external clock signal. 

Hereinafter, the DLL circuit applied to a double data 
rate synchronous dynamic random access memory (DDR SDRAM) will 
be described. 

Fig. 1 is a block diagram showing a conventional 
register controlled DLL circuit in the DDR SDRAM. 

The register controlled DLL circuit includes: a clock 
buffer block 11 generating internal clock signals rclk and 
fclk obtained by being synchronized with a rising edge and a 
falling edge of external clock signals elk and elkb; a clock 
dividing block 12 outputting a reference clock signal (ref) by 
dividing the external clock signal elk by n, wherein n is a 
positive integer; a dummy delay line block 13 receiving the 
reference clock signal ref; a delay model block 14 configured 
to allow a clock signal fbk_dly outputted from the dummy delay 
line block 13 to have an identical delay value with that of 
the clock signal fbk_dly passing through a real clock path; a 
phase comparing block 15 for outputting a shift control signal 
by comparing a phase of the reference signal ref with that of 
an output signal of the delay model block 14; a delay control 
block 16 outputting a signal for shifting a clock phase 
passing through the delay line and the dummy delay line in 
response to a shift control signal outputted from the phase 
comparator; and a delay line block 17 shifting the internal 



clock signals rclk and fclk by receiving the signal outputted 
from the delay control block 16. A clock buffer not labeled 
is to provide an internal clock signal to the clock dividing 
block 12 by receiving the external clock signal elk. 

Fig. 2 is a circuit diagram illustrating the clock 
buffer block 11 shown in Fig. 1. 

A differential comparison circuit of the clock buffer 
block .11 receives the external clock signals elk and elkb, and 
thereby generates the internal clock rclk and fclk 
synchronized with the rising edge and the falling edgue of the 
external clock . 

Fig. 3 is a circuit diagram illustrating the clock 
dividing block 12 shown in Fig. 1. 

The clock dividing block 12 outputs the reference clock 
signal ref after dividing a frequency of the external clock 
signal elk by 8 . At this time, the frequency of the external 
clock signal elk is divided in order to reduce power 
consumption . 

Fig. 4 is a circuit diagram illustrating the phase 
comparing block 15 shown in Fig. 1. 

As shown, the phase comparing block 15 includes a phase 
comparing unit 151 and a shift register control signal 
generating unit 152. The phase comparing block 15 is an 
apparatus for detecting a difference between the phases of the 
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input /output clock signals of the DLL circuit. More 
specifically, the phase comparing block 15 compares the phase 
of a feedback clock signal fbk outputted from the delay model 
block 14 with that of the reference clock ref outputted from 
the clock dividing block 12, and thereafter, outputs a signal 
having delay state information such as a leading state, a 
lagging state or a locking state. At this time, a shift-right 
operation is determined by a first comparison signal PCI and a 
third comparison signal PC3, and a shift-left operation, is 
determined by a second comparison signal PC2 and a fourth 
comparison PC4 . Also, the shift operation is determined 
according to the internal clock signal rclk, which is not 
divided, or a phase comparison between the reference clock 
signal ref outputted from the clock dividing block 12 and the 
feed back clock signal fbk outputted from the delay model 
block 14. More specifically, if the phase difference of the 
feedback clock signal fbk and the reference clock signal ref 
is longer than a delay time of a long delay cell, a fifth 
signal PC5 or a sixth signal PC6 becomes a signal of a logic 
high state. Therefore, a logic summation signal AC of the 
comparison signals PCS and PC 6 also becomes a signal of a 
logic high state. And then, the logic summation signal AC and 
the internal clock rclk are logically combined to thereby 
operate a T flip-flop (F/F) of the shift register control 



signal, generating unit 152* Namely, if the phase difference 
between the feedback clock signal fbk and the reference clock 
signal ref is relatively long time, the phase difference is 
rapidly reduced by operating a shift register of the delay 
controlling unit 16 with the internal clock signal rclk. 
Thereafter, if the phase difference is decreased to have a 
predetermined time, both of the fifth signal PCS and the sixth 
signal PC6 are transited to a signal of a logic low state. 
Thereafter, the shift register of the delay controlling unit 
16 is operated according to the divided clock signals fbk and 
ref. The phase comparing block 15 outputs comparison signals, 
i.e., a shift-right even sre, a shift-right odd sro, a shift- 
left odd slo and a shift-left even sle to control the shift 
register of the delay controlling block 16. 

Fig. 5 is a circuit diagram illustrating the delay 
controlling block 16 shown in Fig. 1. 

As shown, the delay controlling block includes a logic 
unit 161 having a plurality of NOR gates REG_0 to REG_N-1 and 
a shift register unit 162. The logic unit 161 is to determine 
one of input paths of the delay line block 17 under control of 
the shift register 162. The shift register unit 52 changes 
the input path according to comparison signals sre, sro, slo 
and sle of the phase comparing block 15. Initially, the 
right-most input path or the left-most input path may be 
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activated to have the minimum delay or the maximum delay* 
Since the delay controlling unit 16 is the prior art, a 
detailed description of an operation of the delay controlling 
unit 16 will be omitted. 

Fig, 6 is a circuit diagram illustrating the delay line 
block 17 shown in Fig. 1. 

The delay line block 17 is contrived to delay a phase of 
a clock signal inputted from clock buffer block 11. At this 
time, amount of delay is determined by the phase comparing 
block 15, and a delay path is formed by deciding the phase 
delay amount with a control of the delay control block 16. 
The delay line block 17 is constituted with a plurality of 
unit delay connected in series. The unit delay includes two 
NAND gates which is connected each other in series and one 
inverter. Each unit delay is connected to each NOR gate of 
the logic unit 16 in the delay control block one by one. As 
one output from the NOR gates REG_0 to REG_N-1 becomes a logic 
high *H' signal, amount of delay is determined. Usually, the 
delay line block 17 is constituted with two types of delay 
lines, i.e., a delay line used for a rising clock and the 
other delay line used for a falling clock to thereby reduce a 
duty ratio distortion by identically delaying the rising clock 
signal and the falling clock signal. 

Even though a circuit diagram concretely illustrating 
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the dummy delay line block 13 is not shown, the dummy delay 
line block 13 is a delay line used for a feedback clock 
inputted to the phase comparing block 15. A configuration of 
the dummy delay line block 13 is identical to that of the 
delay line block 17 shown in Fig. 6. Only, power consumption 
is low because a divided clock signal ref is inputted to the 
dummy delay line block 13. 

A delay model block 14 shown in Fig. 1 is a circuit for 
modeling delay elements having a delay representing until a 
clock signal inputted from outside of a chip is inputted to 
the delay line block and an output clock from the delay line 
block is outputted to the outside of the chip. The clock 
signal line is a path through which the clock signal flows 
from the delay line block 17 to an output buffer. The output 
buffer outputs the clock signal flowing on a clock signal line 
after synchronizing the clock signal with data signal. 

Varying number of unit delays through which the feedback 
clock passes, the delay line block 17 reduces a phase 
difference between the internal clock and the external clock. 
At this time, one unit delay constituted with two NAND gates 
within the delay line block 17 has about 100 ps resolution. 
In case that an operation frequency is f, the delay line block 
17 is used to delay a phase of the clock signal by an utmost 
value, i.e., 1/f. Also, the delay line block 17 includes the 
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same number of unit delays identical to the value obtained by 
dividing the value of 1/f by a delay time of the unit delay 
cell within the delay line block 17. 

The delay locked loop (DLL) comprising all of the unit 
delays within the delay line block 17 having an identical 
delay time has following drawbacks. 

First, the delay locked loop (DLL) is required to be 
operated in a high speed and a low speed. In addition, in 
case that the delay locked loop (DLL) is applied to the 
specific product, it should be easy to convert an operation 
speed mode, i.e., from the high speed operation to the low 
speed operation or from the low speed operation to the high 
speed operation. Accordingly, for a high frequency operation, 
the delay time of the unit delay within the delay line block 
should be reduced. The other hand, the number of the unit 
delays should be increased by reducing the delay time of the 
unit delay cell for a low frequency operation. Accordingly, 
size of a layout of the delay locked loop (DLL) is increased 
and a current amount for operating the delay locked loop (DLL) 
is increased. 

Consequently, it is needed that the required current 
amount is reduced as much as possible without increasing the 
size of the layout. For a high speed operation of an 
electronic system, the operation frequency of the delay locked 
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loop (DLL) is also required to be high. However, there is no 
request for change of functions at a low frequency, and 
therefore, it is difficult to obtain a standard optimization 
capable of adequately satisfying both of the high speed 
operation and the low speed operation. 

To solve above-mentioned drawbacks, the delay locked 
loop (DLL) operated in both of a coarse delay mode and a fine 
delay mode should be used. However, an interconnection 
problem between the coarse delay mode and the fine delay mode 
occurs, and furthermore, size of a circuit layout is increased 
because a complicated control circuit is used to interconnect 
independent delay line blocks. 

Summary of the Invention 

It is, therefore, an object of the present invention to 
provide a delay locked loop (DLL) used for a synchronous 
memory device capable of rapidly performing a clock delay 
locking operation and a method for locking clock delay. 

In accordance with an aspect of the present invention, 
there is provided a delay line unit of a delay locked loop 
(DLL) circuit, including: a first delay line having a 
plurality of first unit delays, each first unit delay having a 
first delay; a second delay line having a plurality of second 



9 



unit delays, each second unit delay having a second delay; and 
a third delay line having a plurality of third unit delays, 
each third unit delay having a third delay, wherein, the 
first delay is shorter than the second delay, and the second 
delay is shorter than the third delay. 

In accordance with another aspect of the present 
invention, there is provided a clock signal delay locking 
method in a delay locked loop (DLL) of a synchronous memory 
device, including steps of: a) generating a comparison signal 
for comparing a reference signal with a feedback signal 
generated from a delay model; b) generating a control signal 
in response to the comparison signal; and c) delaying a clock 
signal by using a delay line unit containing a plurality of 
unit delays, each unit delay having a different resolution 
each other, in response to the control signal. 

Brief Description of the Drawings 

Other objects and aspects of the invention will become 
apparent from the following description of the embodiments 
with reference to the accompanying drawings, in which: 

Fig. 1 is a block diagram showing a conventional 
register controlled DLL circuit in the DDR SDRAM; 

Fig. 2 is a circuit diagram illustrating the clock 
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buffer block shown in Fig. 1; 

Fig. 3 is a circuit diagram illustrating the clock 
dividing block shown in Fig. 1; 

Fig. 4 is a circuit diagram illustrating the phase 
comparing block shown in Fig. 1; 

Fig. 5 is a circuit diagram illustrating the delay 
controlling block shown in Fig. 1; 

Fig. 6 is a circuit diagram illustrating the delay line 
block shown in Fig. 1; 

Fig. 7 is a block diagram illustrating a delay locked 
loop circuit in accordance with the present invention; and 

Fig. 8 is a block diagram illustrating the delay line 
unit in the DLL circuit in Fig. 7 in accordance with the 
present invention . 

Detailed Description of the Present Invention 

Hereinafter, a delay locked loop (DLL) circuit used for 
a synchronous memory device capable will be described in 
detail referring to the accompanying drawings. 

Generally, the DLL circuit includes a delay line unit 
for delaying an internal clock signal in order to match a 
phase of the internal clock signal with that of an external 
clock signal under control signals of a delay control unit. 
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since amount of delay of the DLL circuit is implemented from 0 
to one period (referred to as Tclk) of a clock signal, the 
number of the unit delays is limited according to a frequency 
to the clock signal. Namely, the number of the unit delays in 
the DLL circuit is determined by an operation frequency. If 
one period of the operation frequency is 5 ns and a resolution 
of the unit delay is 100 ps, 50 unit delays can be used. 

Fig. 7 is a block diagram illustrating a delay locked 
loop circuit in accordance with the present invention. 

As shown, the configuration of the DLL circuit of the 
present invention is similar to that of the conventional DLL 
circuit in Fig. 1. However, the delay line unit of the 
present invention is differently configured from the 
convention delay line block 17 in Fig. 1. Therefore, since 
other elements except the delay line unit are identically 
operated with the conventional DLL circuit, detailed 
description of operations for each elements will be omitted. 
Also, reference symbols used in Figs. 1 to 6 are identically 
used in Fig. 7 for the same things. 

Fig. 8 is a block diagram illustrating the delay line 
unit "A" in the DLL circuit in Fig. 7 in accordance with the 
present invention . 

As shown, the delay line unit has a first delay line 810 
containing a plurality of first unit delays, each first unit 
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delay having a first delay Ml', a second delay line 820 
containing a plurality of second unit delays, each second unit 
delay having a second delay y d2' , and a third delay line 830 
containing a plurality of third unit delays, each third unit 
delay having a third delay M3.' 

The unit delay is classified with the first unit delay 
for a high frequency, the second unit delay for a middle 
frequency, and the third unit delay for a low frequency. If 
the high frequency is defied in over 200 MHz, the middle 
frequency may be defined in from 100 MHz to 200 MHz, and the 
low frequency may be defined in below 100 MHz. Therefore, if 
the clock period Tclk of the high frequency is 5 ns, the 
required number of the first unit delays is 5 ns/dl, and if 
the clock period Tclk of the middle frequency is 5 ns to 10 ns, 
the required number of the second unit delays becomes (5 ns to 
10 ns)/d2. Also, if a clock period of the low frequency, the 
required number of the third delays becomes (12 ns to 10 
ns)/d3. 

Accordingly, if the delay line unit is configured to 
have a resolution of 65 ps for securing an operation of over 
200 MHz, a resolution of 100 ps for securing an operation of 
100 to 200 MHz, or a resolution of 150 ps for below 100 MHz, 
77 first unit delays in the first delay line 810, 50 second 
unit delays in the second delay line 820, and 14 third unit 
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delays in the third delay line 830 are required. The 
resolution of each unit delay can be determined by adjusting 
length or width of NMOS transistor or PMOS transistor in the 
NAND gate and the inverter of the unit delay. Also, the 
resolution can be adjusted according to the voltage applied to 
the unit delay in the delay line. 

If all unit delays in the delay line unit have the same 
resolution of 65 ps, 185 unit delays are required. As well- 
known, the delay line unit occupies the largest area in the 
DLL circuit. Therefore, the area of the delay line unit can 
be reduced by 75% against a case using the same unit delay. 

Hereinafter, an operation of the delay line unit will be 
described. The control signals reg_0 to reg_r inputted to the 
delay line unit are generated from the delay controlling block 
in Fig. 7. If the control signal reg_r becomes a logic high 
level, an clock signal inputted to the delay line unit is 
delayed as much as delay of one unit delay, and then if the 
control signal reg_l becomes a logic high level, the input 
clock signal is delayed as much as delay of two unit delay. 

Since the delay of the input clock signal is implemented 
at the left-most unit delay in the first delay line 810, it is 
preferable that the first delay x dl' of the first unit delay 
line 810 is configured to have the shortest delay. Therefore, 
if the DLL circuit in accordance with the present invention is 
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operated for the high frequency, a phase locking process can 
be achieved at the first delay line 810, and, at low frequency, 
the phase locking operation can be achieved at the second 
delay line 820 or the third delay line 830. 

As the delay line unit is configured with a plurality of 
delay lines having different unit delay each other, the DLL 
circuit can be used at wide frequency band and the phase 
-locking operation can be rapidly achieved. Also, the area of 
the delay line unit can be reduced. 
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